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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to an encoding 
apparatus and a decoding apparatus, and in particular, to 
an encoding apparatus for encoding an audio signal into an 
encoded stream having a reduced amount of information while 
still maintaining the same sound quality of the audio signal, 
and a decoding apparatus for decoding the encoded data 
stream. 

2. DESCRIPTION OF THE RELATED ART: 

A number of encoding methods and decoding methods 
for an audio signal containing a speech and/ or music signal 
have been developed to date. Among others, a method in 
conformity with IS13818-7, which is Internationally 
standardized by the ISO/IEC, has recently been acknowledged 
and evaluated as a high sound- quality and efficient encoding 
method. This encoding method is referred to as AAC. 

Recently, AAC has been adopted by the standard 
referred to as MPEG4 . MPBG4-AAC, which has several extended 
functions over IS13818-7 is now defined. An example of the 
encoding process of MPEG4-AAC is described in INFOMATIVE 
PART. 

Figure 10 is a diagram showing a structure of a 
conventional encoding apparatus 1000 . A frequency spectrum 
stream is input to the encoding apparatus 1000. The 
frequency spectrum stream is generated as follows. 

An audio signal is input to a time -frequency 
transformation section (not shown) in the form of an audio 
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discrete signal obtained by sampling the audio signal. The 
time- frequency transformation section transforms a 
discrete signal on a time axis into a spectrum on a frequency 
axis by^ for example, orthogonal transformation. Herein, 
the entirety of a spectrum on the frequency axis obtained 
by transformation from the discrete signal on the time axis 
is referred to as a "one-frame frequency spectrum". A 
one-frame frequency spectrum is divided into a plurality 
of frequency spectra respectively corresponding to a 
plurality of frequency bands . A frequency spectrum stream 
is input to the encoding apparatus 1000. 

The encoding apparatus 1000 includes a spectrum 
amplification section 1010, a spectrum quantization section 
1020, a Huffman encoding section 1030, and an encoded stream 
generation section 1040. 

The spectrum amplification section 1010 receives a 
frequency spectrum stream representing a frequency spectrum 
corresponding to a prescribed frequency band among the 
plurality of frequency bands, and amplifies the received 
frequency spectrum using a prescribed gain so as to generate 
an amplified spectrum stream. The spectrum amplification 
section 1010 also encodes the prescribed gain so as to 
generate an encoded gain. 

The spectrum quantization section 1020 quantizes 
data of the amplified spectrvim stream using a prescribed 
transformation formula so as to generate a quantized 
spectrum stream. In the case of the AAC method, the spectrum 
quantization section 1020 performs quantization by rounding 
off the data of the amplified spectrum stream, which is 
represented by a floating-point part, into an integer. 
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The Huffman encoding section 1030 Huffman- encodes 
a plurality of data units in the quantized spectrum stream 
so as to generate a Huffman -encoded spectrum stream. 

The encoded stream generation section 1040 
generates an encoded stream including the encoded gain and 
the Huffman -encoded spectrum stream, and transfers the 
encoded stream to the decoding apparatus (not shown). 

The conventional encoding apparatus 1000 having the 
above -de scribed structure has the following problems. 

Recently, there is a demand to reduce the amount of 
information of an encoded stream obtained by encoding an 
audio signal so as to enhance the compression ratio of the 
audio signal. 

In the encoding apparatus 1000, the compression 
ratio of information relies on the Huffman encoding section 
1030. More specifically, in order to encode an audio signal 
at a higher compression ratio into a data stream having a 
reduced amount of information, the gain of the spectrum 
amplification section 1010 is controlled to reduce a data 
value of the quantized spectrum stream and thus to reduce 
the amount of information to be encoded by the Huffman 
encoding section 1030. 

However, such an operation results in a phenomenon 
where a frequency spectrum obtained by decoding the 
Huffman -encoded spectrum stream exhibits the amplitude 
value (quantized value) of zero over a wide frequency range. 
This means a sufficiently high sound quality cannot be 
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obtained. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, an 
encoding apparatus includes a band gain encoding section 
for calculating an average amplitude of a frequency spectrum 
stream corresponding to each of a plurality of frequency 
bands so as to generate a first code representing the average 
amplitude of the frequency spectrum stream; an encoding band 
determination section for determining at least one 
frequency band, for which the corresponding frequency 
spectrum stream is to be quantized and encoded from among 
the plurality of frequency bands; a spectrvmi encoding 
section for quantizing and encoding the frequency spectrum 
stream of each of the at least one frequency band determined 
by the encoding band determination section so as to generate 
a second code; and an encoded stream generation section for 
generating an encoded stream based on the first code and 
the second code. 

In one embodiment of the invention, the encoding 
band determination section determines whether or not the 
frequency spectrum stream corresponding to each of the 
plurality of frequency bands is to be quantized and encoded, 
based on the size of the first code representing the average 
amplitude of the frequency spectrum stream. 

In one embodiment of the invention, the encoding 
band determination section re-determines a frequency band, 
for which a corresponding frequency spectrum stream is to 
be quantized and encoded, among the frequency bands which 
were not determined to be quantized or encoded, the re- 
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determination being performed based on the size of the second 
code generated by the spectrum encoding section for the at 
least one frequency band determined to be quantized and 
encoded. The spectrum encoding section quantizes and 
encodes the frequency spectrum stream for the re-determined 
frequency band so as to generate a second code. 

In one embodiment of the invention, the encoded 
stream generation section generates the encoded stream 
based on a third code representing the frequency band 
determined by the encoding band determination section, the 
first code, and the second code. 

In one embodiment of the invention, the spectrum 
encoding section performs Huffman encoding* 

In one embodiment of the Invention, the spectrum 
encoding section performs vector quantization. 

In one embodiment of the invention, the spectrum 
encoding section performs Huffman encoding and vector 
quantization . 

In one embodiment of the invention, the encoding 
apparatus further includes a time region gain encoding 
section for calculating an average amplitude of a time signal 
stream, corresponding to each of a plurality of time regions, 
which is to be transformed into a frequency spectrum stream 
of each of the plurality of frequency bands , so as to generate 
a fourth code representing the average amplitude of the time 
signal stream. 

In one embodiment of the invention, the encoding 
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apparatus further includes a sub -band gain encoding section 
for generating a fifth code representing an average 
amplitude of each of a plurality of sub -bands, which are 
obtained by dividing at least one frequency band among 
frequency bands, for which a corresponding frequency 
spectrum stream is determined not to be quantized or encoded • 

In one embodiment of the invention, at least one of 
the plurality of sub -bands includes two or more frequency 
spectrum streams. 

According to another aspect of the invention, a 
decoding apparatus for decoding an encoded stream including 
a first code and at least one second code is provided- The 
first code is generated so as to represent an average 
amplitude of a frequency spectrum stream of one of a 
plurality of frequency bands • Each of the at least one 
second code is generated by quantizing and encoding the 
frequency spectrum stream of the one of the frequency bands . 
The decoding apparatus includes an encoded stream analysis 
section for analyzing the encoded stream so as to detect 
the first code and the at least one second code; a band gain 
de- quantization section for de-quantizing the first code 
detected by the encoded stream analysis section into the 
average amplitude of the frequency spectrum streeim; an 
encoding band notification section for notifying whether 
or not the frequency band corresponding to the at least one 
second code includes a frequency band corresponding to the 
first code; a spectrum de-quantization section for de- 
quantizing and decoding the second code into the frequency 
spectrum stream based on the notification by the encoding 
band notification section that the frequency band 
corresponding to the at least one second code includes a 
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frequency band corresponding to the first code; a noise 
spectmm stream generation section for generating a noise 
spectrum stream based on the notification by the encoding 
band notification section that the frequency band 
corresponding to the at least one second code does not 
include any frequency band corresponding to the first code; 
and an amplification section for amplifying the frequency 
spectrum stream or the noise spectrum stream based on the 
average amplitude. 

In one embodiment of the invention, the encoded 
stream further includes a third code representing a 
frequency band, for which a corresponding frequency 
spectrum stream has been quantized and encoded. The 
encoding band notification section decodes the third code, 
and notifies whether or not the frequency band corresponding 
to the at least one second code Includes a frequency band 
corresponding to the first code, based on the decoded third 
code. 

In one embodiment of the invention, the spectrum 
de-quantization section performs Huffman decoding. 

In one embodiment of the Invention, the spectrum 
de-quantization section performs vector de- quantization. 

In one embodiment of the invention, the spectrum 
de-quantization section performs Huffman decoding and 
vector de- quantization. 

In one embodiment of the invention, the encoded 
stream further includes a fourth code representing an 
average amplitude of a time signal stream of each of a 
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plurality of time regions, which is to be transformed into 
a frequency spectrum stream of each of the plurality of 
frequency bands . The decoding apparatus further comprises 
a time gain region decoding section for decoding the fourth 
5 code into the average amplitude of the time signal stream. 

In one embodiment of the invention, the noise 
spectrum stream generation section generates a noise 
spectrum stream to be converted into a noise signal of each 
10 of the plurality of time regions, based on the fourth code 
decoded by the time gain region decoding section. 



3! 



In one embodiment of the invention, the encoded 
stream further includes a fifth code representing an average 
15 amplitude of each of a plurality of sub -bands which are 
rj obtained by dividing at least one frequency band among 

M frequency bands, for which a corresponding frequency 

spectrum stream is not to be de- quantized. The decoding 
apparatus further comprises a sub-band gain decoding 
20 section for decoding the fifth code into the average 
amplitude of the sub -band and generates a noise spectrum 
stream for each of the plurality of sub -bands based on the 
decoded average amplitude. 



25 Thus, the invention described herein makes possible 

the advantages of providing an encoding apparatus for 
encoding a frequency spectrum stream corresponding to an 
audio signal into an encoded stream having a reduced amount 
of information while maintaining the sound quality of the 

30 audio signal, and a decoding apparatus for decoding the 
encoded stream into an output spectrum stream corresponding 
to a decoded audio signal. 
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These and other advantages of the present invention 
will become apparent to those skilled in the art upon reading 
and understanding the following detailed description with 
reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an exemplary structure of an audio 
signal transformation system including an encoding 
apparatus 110 and a decoding apparatus 120 according to the 
present invention; 

Figure 2A shows a structure of an example of the 
encoding apparatus 110 shown in Figure 1? 

Figure 2B shows a structure of another example of 
the encoding apparatus 110 shown in Figure 1; 

Figure 2C shows a structure of still another example 
of the encoding apparatus 110 shown in Figure 1; 

Figure 3 shows a structure of an example of the 
decoding apparatus 120 shown in Figure 1; 

Figure 4 is a graph illustrating an output spectrum 
represented by an output spectrum stream which is output 
by the decoding apparatus shown in Figure 4; 

Figure 5 shows a structure of still another example 
of the encoding apparatus 110 shown in Figure 1; 

Figure 6 shows a structure of another example of the 
decoding apparatus 120 shown in Figure 1; 



- 10 - 



P26573 



Figure 7 shows a structure of still another example 
of the encoding apparatus 110 shown in Figure 1; 



0 



5 Figure 8 shows a structure of still another example 

of the decoding apparatus 120 shown in Figure 1: 

Figure 9 is a graph schematically illustrating 
frequency spectra of sub-bands obtained by the encoding 
10 apparatus shown in Figure 7; and 

Figure 10 shows a structure of a conventional 
encoding apparatus. 

15 DESCRIPTION OF THE EMBODIMENTS 

Hereinafter, an encoding apparatus, a decoding 
apparatus, and a data processing system including the 
encoding apparatus and the decoding apparatus according to 
20 the present invention will be described by way of 
illustrative examples with reference to the accompanying 
drawings . 



(Example 1) 

25 Figure 1 shows an exemplary structure of an audio 

signal transformation system 10 including an encoding 
apparatus and a decoding apparatus according to a first 
example of the present invention - 

30 The audio signal transformation system 10 includes 

a time -frequency transformation section 20 for transforming 
an audio signal into a frequency spectrum stream, a data 
processing system 100 for encoding the frequency spectrum 
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stream into an encoded stream having a reduced amount of 
information and for decoding the encoded stream so as to 
generate an output spectrum stream, and a frequency- time 
transformation section 30 for transforming the output 
5 spectrum stream into a decoded audio signal. The decoded 
audio signal is reproduced by a reproduction section 40. 



The data processing system 100 includes an encoding 
O apparatus 110 for encoding the frequency spectrum stream 

2 10 into an encoded stream and a decoding apparatus 120 for 

decoding the encoded stream into an output spectrum stream. 



e 



ft \ 



In the audio signal transformation system 10, the 
time -frequency transformation section 20 and the encoding 
15 apparatus 110 act together as a sending section 60. The 
W decoding apparatus 120 and the frequency- time 

transformation section 30 act together as a receiving 
section 70. An encoded stream output from the sending 
section 60 is temporarily recorded by arbitrary recording 
20 means, and decoded and reproduced when desired. 
Alternatively, an encoded stream output from the sending 
section 60 is sent to the receiving section 70 via a 
transmission path (not shown). 

25 An audio signal is input to the time -frequency 

transformation section 20 in the form of an audio discrete 
signal obtained by sampling the audio signal. The audio 
discrete signal is represented by a discrete signal on a 
time axis. The time -frequency transformation section 20 
30 transforms a discrete signal on the time axis into a spectrum 
on a frequency axis at a certain time interval- Herein, the 
entirety of a discrete signal on the time axis over a certain 
time interval is referred to as a "one-frame time signal". 
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A spectrum on a frequency axis obtained by transforming the 
one-frame time signal is referred to as a "one-frame 
frequency spectrxam" . A one-frame time signal is 
represented as one-frame time signal stream. The one-frame 
frequency spectrum is divided into a plurality of frequency 
spectra respectively corresponding to a plurality of 
frequency bands • Herein, each of the plurality of frequency 
bands is referred to as a scale factor band. Data units on 
a plurality of frequency spectra are included in each scale 
factor band, and each data unit is input to the encoding 
apparatus 110. 

The time-frequency transformation section 20 
performs time -frequency transformation by, for example, 
modified discrete cosine transformation (MDCT). MDCT is 
known in the art. The time -frequency transformation 
section 20 performs time -frequency transformation for each 
of a specified number of samples (for example, each 512 
samples or each 1024 samples) . In the case where the number 
of samples (i.e., the number of the time signal streams) 
is 512 and MDCT is used for time -frequency transformation, 
MDCT coefficients for 512 samples are obtained for each frame. 
In the following description, it is assiamed that MDCT is 
used and the entirety of the MDCT coefficients is one-frame 
frequency spectinam. 

Figure 2A shows a structure of an encoding apparatus 
llOA, which is an example of the encoding apparatus 110 shown 
in Figure 1. The encoding apparatus llOA receives a 
frequency spectrum stream and generates an encoded stream - 

The encoding apparatus llOA includes a band gain 
encoding section 210A, an encoding band determination 
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section 220A, a spectrxim encoding section 230A, and an 
encoded stream generation section 240A. The band gain 
encoding section 210A calculates an average amplitude of 
the frequency spectrum stream and generates a first code 
which represents the average amplitude of the frequency 
spectrum stream. The encoding band determination section 
220A determines at least one frequency band, among the 
plurality of frequency bands, for which a corresponding 
frequency spectrum stream is to be quantized and encoded. 
The spectrum encoding section 230A quantizes and encodes 
the frequency spectrum stream of each of the at least one 
frequency band deteinnined by the encoding band 
determination section 220A so as to generate a second code • 
The encoded streeim generation section 240A generates an 
encoded stream based on the first code generated by the band 
gain encoding section 210A and the second code generated 
by the spectrum encoding section 230A. 

The operation of each section of the encoding 
apparatus llOA will be described in more detail. 



average amplitude rms of a frequency spectrum stream 
corresponding to each scale band using, for example, 
expression ( 1 ) . 



The band gain encoding section 210A calculates an 




(1) 



where sp(i) represents a value of each of data units in the 
frequency spectrum stream corresponding to the scale factor 
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band, and n represents the number of data units in the 
frequency spectrum stream corresponding to the scale factor 
band. 



5 The band gain encoding section 210A quantizes and 

encodes the average amplitude rms obtained for each scale 
factor band. 



20 



The encoded average amplitude (index) is given by. 



Q 10 for example, expression (2). 

iy index = (int){2*log2(rms)-l} (2) 

Si ■ 

g where (int) represents a function for rounding off the value 

p 15 after the decimal point and making the value of the amplitude 

an integer, and log2 is the logarithm of 2. 



The quantized average amplitude (qrms) is given by, 
for example, expression (3). 

qrms = 2''( (index + 2)/2) (3) 



where * represents a function for index calculation. 



25 When a one-frame frequency spectrum is divided into 

M frequency spectra (when a one-frame frequency spectrum 
includes M scale factor bands ) , a maximum of M quantized 
average amplitudes are obtained • The encoded stream 
generation section 240Amay generate an encoded stream using 

30 codes representing all the M average amplitudes* 
Alternatively, the encoded stream generation section 240A 
may generate an encoded stream using codes representing a 
smaller- than -M number of average amplitudes, the number 
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being counted from the lowest frequency band. Still 
alternatively, the encoded stream generation section 240A 
may generate an encoded stream based on a code representing 
one average amplitude and other information. An encoded 
stream may be generated by directly encoding the code 
obtained by expression (2), or the difference between the 
average amplitudes of adjacent scale factor bands may be 
encoded using Huffman encoding or the like. 

The encoding band determination section 220A 
determines at least one frequency band (or scale factor band) , 
among the plurality of frequency bands, for which a 
corresponding frequency spectrum stream is to be quantized 
and encoded by the spectrum encoding section 230A. The 
scale factor band{s) may be preset as, for example, N scale 
factor bands from the lowest frequency band. 

In this example, frequency spectrum streams 
corresponding to N scale factor bands from the lowest 
frequency band, among the M scale factor bands ^ are preset 
to be quantized and encoded. M and N are both natural numbers , 
and M is equal to or larger than N. The reason why the N 
scale factor bands from the lowest frequency band are preset 
is because human auditory sense is more influenced by lower 
frequency bands than higher frequency bands when listening 
to a reproduced audio signal. 

The spectrum encoding section 230A quantizes and 
encodes the frequency spectrum streams corresponding to the 
scale factor bands determined by the encoding band 
determination section 220A. The spectrum encoding section 
230A may use Huffman encoding or vector quantization. 
Alternatively, the spectrum encoding section 230A may use 
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both Huffman encoding and vector quantization. Here, it is 
assumed that the type of encoding performed by the spectrum 
encoding section 230A is determined in advance. The present 
invention is not limited to this. The spectrum encoding 
section 230A may output information representing the type 
of quantization and encoding which was performed on the 
frequency spectrum stream to the encoded stream generation 
section 240A, and the encoded stream generation section 240A 
may include that information in the encoded stream. 

The encoded stream generation section 240A 
generates an encoded stream based on the average amplitude 
generated by the band gain encoding section 2 10 A and the 
encoded spectrum stream generated by the spectrum encoding 
section 230A. The encoded stream is generated in the form 
of a bit stream in accordance with a prescribed format . The 
encoded stream may be generated in any format known to those 
skilled in the art. 

Figure 3 shows a structure of a decoding apparatus 
120A, which is an example of the decoding apparatus 120 shown 
in Figure 1. The decoding apparatus 120A receives an 
encoded stream and generates an output spectrum stream. 

An encoded stream includes a plurality of first 
codes and at least one second code. Each of the plurality 
of first codes is generated so as to represent an average 
amplitude of a frequency spectrum stream corresponding to 
one of the plurality of frequency bands. Herein, the term 
"first code" refers to a code generated so as to represent 
an average amplitude of a frequency spectrum stream 
corresponding to one of the plurality of frequency bands. 
The term "second code" refers to a code obtained by encoding 
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the frequency spectrum stream corresponding to the average 
amplitude represented by the first code. 

The encoded stream received by the decoding 
apparatus 120A is, for example, generated by the encoded 
stream generation section 24 OA in the encoding apparatus 
llOA described above. The output spectrum stream generated 
by the decoding apparatus 120A is transformed into a decoded 
audio signal, which is a time signal, by a frequency- time 
spectrum transformation section 30 (Figure 1). 

The decoding apparatus 120A includes an encoded 
stream analysis section 310A, a band gain de-quantization 
section 320A, an encoding band notification section 330A, 
a spectrum de-quantization section 340A, a noise spectrum 
stream generation section 350A, an amplification section 
360A, and a spectrum synthesis section 365A. The encoded 
stream analysis section 310A analyzes the encoded stream 
including the plurality of first codes and the at least one 
second code. The band gain de-quantization section 320A 
de-quantizes each of the first codes so as to generate an 
average amplitude of each frequency spectrum stream. The 
encoding band notification section 330A notifies the 
spectrum de-quantization section 340A or the noise spectrum 
stream generation section 350A whether or not the frequency 
band corresponding to the at least one second code includes 
a frequency band corresponding to one of the first codes. 
The spectrum de-quantization section 340A de-quantizes each 
of the at least one second code into a frequency spectrum 
stream. The noise spectrum stream generation section 350A 
generates a noise spectrum stream. The amplification 
section 360A amplifies the frequency spectrum stream 
obtained by the spectrum de- quantization section 340A and 
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the noise spectrtun stream obtained by the noise spectrum 
stream generation section 350A. The spectrum synthesis 
section 365A synthesizes the amplified frequency spectrum 
stream and the amplified noise spectrum stream. The 
amplification section 360A includes a noise spectrum stream 
amplification section 362A for amplifying the noise 
spectrum stream and a frequency spectrum stream 
amplification section 364A for amplifying the frequency 
spectrum stream. 

The operation of each section of the decoding 
apparatus 120A will be described in more detail. 

The encoding stream analysis section 310A receives 
the encoded stream and analyzes the received encoded stream. 
The encoding stream analysis section 310A also outputs each 
of the first codes obtained by the analysis to the band gain 
de-quantization section 320A. 

The band gain de-quantization section 320A 
generates a quantized decoded average amplitude qrms for 
each scale factor band based on the first code received from 
the encoding stream analysis section 310A. The quantized 
decoded average amplitude qrms is calculated by expression 
( 3 ) above . 

The encoding stream analysis section 310A sends, to 
the encoding band notification section 330A, information 
on whether or not the frequency band corresponding to the 
at least one second code includes a frequency band 
corresponding to one of the first codes. When the frequency 
band corresponding to the at least one second code includes 
a frequency band corresponding to one of the first codes. 



- 19 - 



P26573 



the encoding band notification section 330A notifies the 
spectrum de- quantization section 340A of that information. 
When the frequency band corresponding to the at least one 
second code does not include any frequency band 
corresponding to any of the first codes , the encoding band 
notification section 330A notifies the noise spectrum 
stream generation section 350A of that information. In this 
example, it is assximed that the encoded stream includes codes 
obtained by encoding frequency spectrum streams 
corresponding to N scale factor bands (i.e., frequency 
bands) from the lowest frequency band among the plurality 
of scale factor bands. The present invention is not limited 
to this. 

When the encoding band notification section 330A 
notifies the spectrvim de-quantization section 340A that the 
frequency band corresponding to the at least one second code 
includes a frequency band corresponding to one of the first 
codes, the spectrum de-quantization section 340A de- 
quantizes the second code received from the encoding stream 
analysis section 310A so as to generate a frequency spectrum 
stream. In the case where the second code is formed by 
Huffman encoding, the spectrum de- quantization section 340A 
performs Huffman decoding. In the case where the second 
code is formed by vector quantization, the spectrum de- 
quantization section 340A performs vector de-quantization. 
Here, it is assumed that the type of encoding performed on 
the second code is determined in advance. The present 
invention is not limited to this. The encoded stream may 
include a code representing the type by which the second 
code has been encoded, and the spectrum de- quantization 
section 340A may determine the type of decoding performed 
on the second code, based on the code included in the encoded 
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stream. 

The spectrum stream amplification section 364A of 
the amplification section 360A amplifies the frequency 
spectarvim stream generated by the spectrum de-quantization 
section 340A using the average amplitude generated by the 
band gain de-quantization section 320A. 

In the case where the average amplitude generated 
for one scale factor band is qrms and the frequency spectrum 
stream, corresponding to the scale factor band, generated 
by the spectrum de-quantization section 340A is qsp(i), the 
output from the spectrum amplification section 364A is given 
by expression (4). 

rsp(i) a= qrms*qsp(i) (4) 

When the encoding band notification section 330A 
notifies the noise spectrum stream generation section 350A 
that the frequency band corresponding to the at least one 
second code does not include any frequency band 
corresponding to any of the first codes , the noise spectrum 
stream generation section 350A outputs a noise spectrum to 
the noise amplification section 362A of the amplification 
section 360A. Herein, a "noise spectrum" refers to a 
spectrum on a frequency axis. The noise spectrum stream 
generation section 350A may use, as a noise spectrum, a 
spectrum obtained by processing a white noise signal 
prepared in advance with the same type of time -frequency 
transformation as the time -frequency transformation 
performed by the time -frequency transformation section 20 
(Figure 1). A frequency spectrum of a white noise signal 
is normalized so that the average amplitude obtained by 
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expressions (1) through (3) is 1* Alternatively, the noise 
spectnim stream generation section 350A may store a value 
of the noise spectrum on some recording medium and simply 
output the value. 

The noise spectrum amplification section 362A 
amplifies the noise spectjrum stream generated by the noise 
spectrum stream generation section 350A using the average 
amplitude generated by the band gain de- quantization 
section 320A. The amplification is performed in a manner 
similar to that of expression (4). 

As described above, when the frequency band 
corresponding to the at least one second code included in 
the encoded spectrum includes a frequency band 
corresponding to one of the first codes, the eimplif ication 
section 360A amplifies a frequency spectrum stream based 
on the frequency spectrum stream generated by the spectrum 
de- quantization section 340A and the average amplitude 
generated by the band gain de-quantization section 320A. 

When the frequency band corresponding to the at 
least one second code included in the encoded spectrum does 
not include any frequency band corresponding to any of the 
first codes, the amplification section 360A amplifies a 
noise spectrum stream based on the noise spectrum stream 
generated by the noise spectrum stream generation section 
350A and the average amplitude generated by the band gain 
de-quantization section 320A. 

The spectrum synthesis section 365A synthesizes the 
amplified noise spectrum stream and the amplified frequency 
spectrum stream so as to generate an output spectrum stream. 
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In STinunary, when the frequency band corresponding 
to the at least one second code includes a frequency band 
corresponding to one of the first codes, the encoding band 
notification section 330A instructs the spectrum de- 
quantization section 340A to de-quantize the second code 
to generate a decoded frequency spectrum stream. The 
spectrum de- quantization section 340A outputs the generated 
frequency spectrum stream to the spectrum amplification 
section 364A. The spectrum amplification section 364A 
amplifies the frequency spectrum stream using an average 
amplitude obtained by the band gain de-quantization section 
320A as a result of de-quantization of the first code. 

Alternatively, when the frequency band 
corresponding to the at least one second code does not 
include any frequency band corresponding to any of the first 
codes, the encoding band notification section 330A 
instructs the noise spectrum stream generation section 350A 
to output a noise spectrum stream. The noise spectrum 
stream generation section 350A outputs the generated noise 
spectrtim stream to the noise spectrum amplification section 
362A. The noise spectrvun amplification section 362A 
amplifies the noise spectrum stream using an average 
amplitude obtained by the band gain de-quantization section 
320A as a result of de-quantization of the first code. 

Figure 4 shows an output spectrum represented by an 
output spectrum stream which is output by the decoding 
apparatus 120A. In Figure 4, the vertical axis represents 
the amplitude of the spectrum, and the horizontal axis 
represents the frequency. 
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Figure 4 shows the frequency bands in a higher range 
and a lower range ♦ In this example, the encoded stream 
includes second codes corresponding to a lower scale factor 
band. The present invention is not limited to the encoded 
stream including second codes being continuous from the 
lowest frequency band* 

The output spectrum represented by the output 
spectrum stream which is output from the amplification 
section 360A is transformed by the frequency- time 
transformation section 30 (Figure 1) into a decoded audio 
signal, which is a time signal stream. 

In the above-* described example, the scale factor 
bands, for which a corresponding frequency spectrum stream 
is to be quantized and encoded by encoding apparatus llOA, 
and the scale factor band, for which a corresponding 
frequency spectrum streeim to be decoded by the decoding 
apparatus 120A, are preset. The present invention is not 
limited to this. The scale factor band, for which a 
corresponding frequency spectrum stream is to be quantized 
and encoded by encoding apparatus llOA, may be determined 
by the amount of information of the average amplitude or 
the encoded spectrum stream. The scale factor band, for 
which a corresponding frequency spectrum stream is to be 
decoded by the decoding apparatus 120A, may be determined 
by the code included in the encoded stream. 

Figure 2B shows a structure of an encoding apparatus 
HOB, which is an example of the encoding apparatus 110 shown 
in Figure 1. 

The encoding apparatus HOB is identical with the 
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encoding apparatus llOA shown in Figure 2A except that a 
frequency band, for which a corresponding frequency 
spectrum stream is to be quantized and encoded, is determined 
by the encoding band determination section 220B based on 
the amount of information of the encoded stream used by the 
band gain encoding section 210B to represent the average 
amplitude of each scale factor band, and that the encoded 
stream generation section 240B generates an encoded stream 
including the code representing the frequency band 
determined by the encoding band determination section 220B. 
The band gain encoding section 210B, the encoding band 
determination section 220B, a spectrum encoding section 
230B, and the encoded stream generation section 240B of the 
encoding apparatus llOB respectively correspond to the band 
gain encoding section 210A, the encoding band determination 
section 220A, the spectrum encoding section 230A, and the 
encoded stream generation section 240A of the encoding 
apparatus llOA (Figure 2A) . 

The operation of the encoding apparatus llOB will 
be described in more detail. 

The encoding band determination section 220B 
determines the number of scale factor bands, for which a 
corresponding frequency spectrum stream is to be quantized 
and encoded by the spectrum encoding section 230B, based 
on the amount of information of the encoded stream used by 
the band gain encoding section 210B to represent the average 
amplitude of each scale factor band. 

For example, when the amount of information of the 
encoded stream used to represent the average amplitude of 
at least one scale factor band is larger than a threshold. 
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the encoding band determination section 220B decreases the 
number of scale factor bands, for which a corresponding 
frequency spectrum stream is to be quantized and encoded 
by the spectrum encoding section 230B. By contrast^ when 
the amount of information of the encoded stream used to 
represent the average amplitude of at least one scale factor 
band is smaller than a threshold, the encoding band 
determination section 220B increases the number of scale 
factor bands , for which a corresponding frequency spectrum 
stream is to be quanti2sed and encoded by the spectrxim 
encoding section 230B. 

Thus, the encoding band determination section 220B 
can control the number of scale factor bands, for which a 
corresponding frequency spectrum stream is to be quantized 
and encoded by the spectrum encoding section 230B, based 
on the result of the encoding performed by the band gain 
encoding section 210B. 

The encoded stream generation section 240B 
generates an encoded stream based on the average amplitude 
generated by the band gain encoding section 210B (first code) , 
the encoded spectrum stream generated by the spectrum 
encoding section 230B (second code), and also the code 
representing the scale factor bands determined by the 
encoding band determination section 220B (third code). 

Figure 2C shows a structure of an encoding apparatus 
HOC, which is an example of the encoding apparatus 110 shown 
in Figure 1. 

The encoding apparatus HOC is identical with the 
encoding apparatus llOA shown in Figure 2A except that a 
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frequency band, for which a corresponding frequency 
spectrum stream is to be quantized and encoded, is determined 
by the encoding band determination section 220C based on 
the amount of information of the encoded stream used by the 
spectrum encoding section 230C to represent the encoded 
spectrum stream, and that the encoded stream generation 
section 240C generates an encoded stream including the code 
representing the frequency band determined by the encoding 
band determination section 220C* A band gain encoding 
section 210C, the encoding band determination section 220C, 
the spectrum encoding section 230C, and the encoded stream 
generation section 240C of the encoding apparatus lioc 
respectively correspond to the band gain encoding section 
210A, the encoding band determination section 220A, the 
spectriim encoding section 230A, and the encoded stream 
generation section 240A of the encoding apparatus llOA 
(Figure 2A). 

For example, when the size of the encoded stream is 
preset and the spectrvim encoding section 230C performs 
Huffman encoding, the encoding band determination section 
220C determines to Huffman -encode all of the plurality of 
frequency bands sequentially from the lowest frequency band- 
When it is impossible to Huffman-encode all of the plurality 
of frequency bands due to the restriction on the size of 
the encoded stream, the encoding band determination section 
220C determines not to Huff man -encode the frequency bands 
higher than a certain frequency band. In this case also, 
the encoded stream generation section 240C generates an 
encoded stream based on the average amplitude generated by 
the band gain encoding section 210C {first code) , the encoded 
spectrum stream generated by the spectrum encoding section 
230C (second code) , and also the code representing the scale 
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factor bands determined by the encoding band determination 
section 220C (third code). 



Alternatively, it is conceivable that the encoding 
5 band determination section 220C pre-determines a frequency 
band, a frequency spectrum stream corresponding to which 
is to be quantized and encoded. In this case, a frequency 
band, for which a corresponding frequency spectrum stream 
is to be quantized and encoded, may be re-determined among 
Q 10 the frequency bands which were originally not determined 

to be quantized and encoded, based on the size of the second 
J code obtained by quantizing and encoding the frequency 

N spectrum stream of the pre -determined frequency band. The 

spectrum encoding section 230C quantizes and encodes a 

2; 

0 15 frequency spectrum stream of the re-determined frequency 

band so as to generate another second code. 



As shown in Figures 2B and 2C, the encoded stream 
may include a third code representing the scale factor band, 
20 for which a corresponding frequency spectrum stream has been 
encoded. 



In such a case, the decoding apparatus 120 operates 
as described below using the decoding apparatus 120A (Figure 
25 3) as an example. 

The encoded stream analysis section 310A analyzes 
the third code. The encoding band notification section 330A 
decodes the information indicating which scale factor band 
30 has been encoded, based on the third code obtained by 
analysis performed by the encoded stream analysis section 
310A. Based on the decoding result, the encoding band 
notification section 330A notifies the spectrum de- 
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quantization section 340A of the scale factor bands, for 
which a corresponding frequency spectrum stream has been 
encoded. Or the encoding band notification section 330A 
notifies the noise spectrum stream generation section 350A 
that the frequency band corresponding to each first code 
does not include any frequency band corresponding to the 
second code. 

Based on the result obtained from the encoding band 
notification section 330A, the spectrum de- quantization 
section 340A decodes the frequency spectrum stream 
corresponding to each of the scale factor bands determined 
to have been encoded by the encoding band notification 
section 330A, In the case where the second code is obtained 
by Huffman encoding, the spectrum de-quantization section 
340A performs Huffman decoding on the second code. In the 
case where the second code is obtained by vector quantization, 
the spectriam de- quantization section 340A perforins vector 
de-quantization on the second code. 

The amplification section 360A amplifies the 
decoded frequency spectrum stream generated by the spectrum 
de-quantization section 340A using the average amplitude 
obtained by the band gain de- quantization section 320A. 

The encoded stream obtained in an encoding apparatus 
according to the present invention, although having a 
reduced amount of data, can be decoded into an audio signal 
including data over a wide frequency range. According to 
the present invention, detailed waveforms of spectra 
corresponding to all the frequency bands in a wide range 
are not encoded, but instead, for some of the frequency bands , 
only an average amplitude thereof is encoded. Therefore, 
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the obtained encoded stream has a reduced amount of data^ 
but is decoded into an audio signal holding the average 
amplitude of each frequency band of the input audio signal. 
Therefore, the decoded audio signal can be reproduced into 
a clear sound which does not give the listener the impression 
of the sound being confined, unlike a sound obtained from 
a signal of a narrow frequency range. 

(Example 2) 

An encoding apparatus and a decoding apparatus 
according to a second example of the present invention is 
different from the first example in that (i) a one-frame 
time signal stream representing an audio signal is divided 
into a plurality of time signal streams respectively 
corresponding to a plurality of time regions , and an average 
amplitude of a time signal stream corresponding to each time 
region is generated, and (ii) a fourth code representing 
the average amplitude of such a time signal stream is 
decoded* 

Figure 5 shows a structure of an encoding apparatus 
llOD, which is an example of the encoding apparatus 110 shown 
in Figure 1. 

The encoding apparatus llOD is identical with the 
encoding apparatus 11 OA shown in Figure 2 A except that a 
time region gain encoding section 250D for generating a 
fourth code representing an average amplitude of each time 
signal stream is further included and that the encoded stream 
generation section 240D generates an encoded stream 
including the fourth code. A band gain encoding section 
210D, a encoding band determination section 220D, a spectrum 
encoding section 230D, and the encoded stream generation 
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section 240D of the encoding apparatus llOD respectively 
correspond to the band gain encoding section 210A, the 
encoding band determination section 220A, the spectrum 
encoding section 230A, and the encoded stream generation 
5 section 240A of the encoding apparatus llOA (Figure 2A) . 

An audio signal is input to the time-frequency 
y. transformation section 20 for each of a prescribed number 

O of samples. The time -frequency transformation section 20 

10 generates a spectriim on a frequency eixis from the signal 
stream on a time axis using, for example, modified discrete 
cosine transformation (MDCT), As described above, the 
entirety of a spectrum on the frequency axis obtained by 
transformation from the spectrxim on the time axis is referred 
15 to as a "one-frame frequency spectrum". The frequency 
yj spectrum is input to the band gain encoding section 210D 

PI and the encoding band determination section 220D as a 

fij frequency spectrum stream as described in the first example. 

20 The audio signal is input to the time region gain 

encoding section 250D as an audio discrete signal at the 
same time interval as the audio signal is input to the 
time -frequency transformation section 20, The time region 
gain encoding section 250D divides the audio discrete signal 

25 into a plurality of continuous time regions. 

For example, it is assumed that when the audio signal 
is represented by 512 continuous samples (i.e., in[i] (i 

=5 0, 1, 2, 511), the time region gain encoding section 

30 250D divides the audio signal into four time regions each 
having 128 samples. Data in a zeroth time region is in[i] 
where i is 0 through 127. Data in a first time region is 
in[i] where i is 128 through 255. Data in a second time 
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region is in[i] where i is 256 through 383 • Data in-a third 
time region is in[il where i is 384 through 511. The time 
region gain encoding section 250D calculates an average 
amplitude of each time region using, for example, expression 
(S). 



(5) 

where j represents the number of the time region, and g[ j] 
represents the average amplitude of the j'th time region. 

Then, the time region gain encoding section 250D 
calculates an average amplitude ratio of each time region 
based on the average aimplitude of each time region. For 
example, when the average eimplitude having the maximum value 
of the average amplitudes of the four time regions is 
normalized to be 16, the average amplitude ratio of each 
time region is represented by 4 bits . The average amplitude 
normalized to be 16 is calculated by, for example, expression 
(6). 

rg(j) = (int){g(3)/gmax*16} (6) 

where rg(3) represents the quantized average amplitude of 
the j 'th time region, and gmax represents the maximum value 
of g( j ) • The time region gain encoding section 250D encodes 
and sends the calculated rg(j) to the encoded stream 
generation section 240D. In the above example, rg(j) is 
obtained by normalizing the average amplitude having the 
maximum value to be 16 so that the average amplitude ratio 
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of each time region is quantized by 4 bits. The present 
invention is not limited to this . The average amplitude 
ratio of each time region may be quantized by 1 bit instead 
of 4 bits. In this manner, the average amplitude of each 
time region can be represented by a prescribed amount of 
information by obtaining the average amplitude ratio of each 
time region. 

In the above example, the average amplitude ratio 
of each time region is obtained, but the present invention 
is not limited to this . A value obtained by simply encoding 
the average amplitude of each time region may be sent to 
the encoded streeun generation section 240D. 

Figure 6 shows a structure of a decoding apparatus 
120B, which is an example of the decoding apparatus 120 shown 
in Figure 1. 

The decoding apparatus 120B is identical with the 
decoding apparatus 120A shown in Figure 3 except that a time 
region gain decoding section 370B is further included. An 
encoding stream analysis section 310B, a band gain de- 
quantization section 320B, an encoding band notification 
section 330B, a spectrum de-quantization section 340B, a 
noise spectrum stream generation section 3 SOB, an 
amplification section 360B, and a spectrum synthesis 
section 365B of the decoding apparatus 120B respectively 
correspond to the encoded stream analysis section 310A, the 
band gain de-quantization section 320A, the encoding band 
notification section 330A, the spectrum de-quantization 
section 340A, the noise spectrum stream generation section 
350A, the amplification section 360A, and the spectrum 
synthesis section 365A of the decoding apparatus 120A 



« 33 - 



P26573 



{ Figure 3 ) . 

The encoding band notification section 330B 
receives an encoded stream including the fourth code 
representing an average amplitude of a time signal stream 
of each time region and analyzes the encoded stream. The 
time region gain decoding section 37 OB decodes the average 
amplitude of the time signal stream of each time region from 
the fourth code obtained by the analysis performed by the 
encoding band notification section 330B. The average 
amplitude of the time signal stream decoded from the fourth 
code is sent to the noise spectrum stream generation section 
350B. The noise spectrum stream generation section 350B 
generates a noise spectrum stream to be converted into a 
noise signal of each of the plurality of time region, based 
on the fourth code decoded by the time region gain decoding 
section 370B. 

In the case where the fourth code is a time region 
gain ratio rgCj ) representing the average amplitude of each 
time region as described above with reference to expression 
(5), the noise spectrum stream generation section 350B 
generates a noise spectrum stream to be converted into a 
noise signal of each of the plurality of time regions, based 
on the time region gain ratio rg( j ) decoded by the time region 
gain decoding section 370B. This processing corresponds to, 
for example, generation of an amplified noise signal as 
represented by expression (7). 
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an(i) = rg(3)*n(i) where (i = 0, 1, 2, 511) 

■j«0 (/-0.1,2,..,127) 

7=1 (i=128a29,130„.,255) 

« 2 (i « 256,257,258„..,383) ^ ^ j 

J - 3 (f » 384,385,386,...,51 i) 

where n(i) represents a noise signal, and an (i) represents 
an amplified noise signal. The noise spectrum stream 
generation section 350B processes the amplified noise 
signal an(i) with a similar time- frequency transformation 
to that performed by the time-frequency transformation 
section 20 (Figure 5), so as to generate a noise spectrum, 
and outputs the noise spectriim to the amplification section 
360B. The operation performed after this is similar to that 
described in the first example. The noise spectrum stream 
generation section 350B may hold a value of the noise 
spectrum in advance in some recording medium and simply 
outputs the value when necessary. 



The encoded stream obtained in an encoding apparatus 
according to the present invention, although having a 
reduced amount of data, can be decoded into an audio signal 
including data over a wide frequency range • According to 
the present invention, detailed waveforms of spectra 
corresponding to all the frequency bands in a wide range 
are not encoded, but instead, for some of the frequency bands , 
only an average amplitude thereof is encoded. Therefore, 
the obtained encoded stream has a reduced amount of data, 
but is decoded into an audio signal holding the average 
amplitude of each frequency band of the input audio signal. 
Therefore, the decoded audio signal can be reproduced into 
a clear sound which does not give the listener the impression 
of the sound being confined, unlike a sound obtained from 
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a signal of a narrow frequency range. Since an average 
amplitude of each of a plurality of time regions is decoded, 
a clear and crisp sound can be reproduced. 

(Example 3) 

An encoding apparatus and a decoding apparatus 
according to a third example of the present invention is 
different from the first example in that (i) a frequency 
band which is not to be quantized or encoded is divided into 
a plurality of sub -bands and an average amplitude of each 
sub-band is generated and (ii) a fifth code representing 
an average amplitude of a frequency spectrum stream of each 
sub -band is decoded* 

Figure 7 shows a structure of an encoding apparatus 
llOE, which is an example of the encoding apparatus 110 shown 
in Figure 1. 

The encoding apparatus llOE is identical with the 
encoding apparatus llOA shown in Figure 2A except that a 
sub-band gain encoding section 260E is further included. 
A band gain encoding section 210E, an encoding band 
determination section 220E, a spectrum encoding section 
230E, and an encoded stream generation section 240E of the 
encoding apparatus llOE respectively correspond to the band 
gain encoding section 210A, the encoding band determination 
section 220A, the spectrum encoding section 230A, and the 
encoded stream generation section 240A of the encoding 
apparatus llOA. 

A frequency spectrum stream (corresponding to a 
scale factor band) which is determined by the encoding band 
determination section 220E not to be quantized or encoded 
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is input to the sub-band gain encoding section 260S. The 
sub -band gain encoding section 260E selects all or a part 
of such a frequency spectrum streain(s). Herein, such a 
selected frequency band is referred to as a "sub -band gain 
encoding application band" . 

The sub-band gain encoding application band may be 
changed in accordance with the amount of information used 
by the spectrum encoding section 230E for encoding. For 
example, when the amount of information encoded by the 
spectrum encoding section 230E is larger than a threshold, 
the sub-band gain encoding section 260E decreases the 
sub-band gain encoding application band. By contrast, when 
the amount of information encoded by the spectrum encoding 
section 230E is smaller than a threshold, the sub-band gain 
encoding section 260E increases the sub -band gain encoding 
application band. 

At least one frequency spectrum in the sub-band gain 
encoding application band is divided into a plurality of 
sub -bands. Each sub-band may include two or more frequency 
bands . 

In the following example, one sub-band gain encoding 
application band includes 16 data units in a frequency 
spectrum . In this example , the frequency spectra are 
arranged from the frequency spectrxam corresponding to the 
lowest frequency band to the highest frequency band. The 
frequency spectra corresponding to the three sub-bands are 
respectively divided into five, six and five data units. 

Figure 9 schematically shows frequency spectra in 
one sub -band in the third example. Sub -band 0 corresponds 
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to the lowest frequency band, sub -band 1 corresponds to the 
next lowest frequency band, and sub-band 2 corresponds to 
the highest of the three frequency bands. An average 
amplitude of each sub-band is calculated using, for example, 
expression (8) • 



JV(0)-5 
iV^(2)«5 



' start(P) « Q,end(P) » 4 
5tort(l)«5,cnd(l)«10 
start(2)^lUnd(2)^l5 



(8) 



The sub-band gain encoding application band 
includes data of three sub-bands, i.e., ssp{j), and subG[i] 
represents an average amplitude of the calculated sub-band 
!• The sub-band gain encoding section 260E encodes the 
average €implitude of each sub-band based on whether the 
calculated average amplitude is larger than or smaller than 
a threshold. The result of encoding is sent to the encoded 
stream generation section 240E. Encoded subGsw[i] 
representing whether the calculated average amplitude is 
larger or smaller than the threshold is given by, for example, 
expr es s ion ( 9 ) . 



ri (s 

\Q (s 



where Th is a threshold for implementation. 

Figure 8 shows a structure of a decoding apparatus 
120C, which is an example of the decoding apparatus 120 shown 
in Figure 1. 



The decoding apparatus 120C is identical with the 
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decoding apparatus 120A shown in Figure 3 except that a 
sub-band gain decoding section 380C is further included. 
An encoded stream analysis section 310C, a band gain 
de-quantization section 320C, an encoding band notification 
section 330C, a spectrum de-quantization section 340C^ a 
noise spectrum stream generation section 350C, and an 
amplification section 360C of the decoding apparatus 120C 
respectively correspond to the encoded stream analysis 
section 310A, the band gain de-quantization section 320A, 
the encoding band notification section 330A, the spectrxim 
de- quantization section 340A, the noise spectrum stream 
generation section 350A, and the amplification section 360A 
of the decoding apparatus 120A (Figure 3)* 

The encoded stream analysis section 310C receives 
an encoded stream including the fifth code representing an 
average amplitude of a frequency spectrtim stream of each 
sub-band obtained by dividing a frequency spectriam stream 
which is not quantized or encoded. Then, the encoded stream 
analysis section 310C analyzes the encoded stream. The 
sub-band gain decoding section 380C decodes the fifth code 
obtained by analysis performed by the encoded stream 
analysis section 310C into an average amplitude of the 
frequency spectrum of each sub-band, and generates noise 
spectrum streams corresponding to the plurality of sub- 
bands based on the decoded average amplitude. 

Accordingly, the sub-band gain decoding section 
380C finds a sub-band gain encoding application band from 
among the frequency bands, for which a corresponding 
frequency spectrum stream is not to be quantized or encoded. 
Then, the sub -band gain decoding section 380C obtains an 
average amplitude of the frequency spectrvim stream in the 
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sub-band in each sub-band gain encoding application band. 
The sub-band gain decoding section 380C multiplies the noise 
spectrum which is output from the noise spectrum stream 
generation section 350C by the obtained average amplitude, 
and outputs the multiplication result . The output from the 
sub-band gain decoding section 380C is obtained by, for 
excimple, expression { 10 ) . 

bn{i) - subGsw[j] * nsp{i) 

(/» 0,1,2,3,4) 
;«1 5,6,7,8,9,10) 

J =2 .0-11,12,13,14,15) ^^^^ 

where nsp(i) represents a noise spectrum, and bn(i) 
represents a frequency spectrum which is output from the 
sub-band gain decoding section 380C. The output from the 
sub -band gain decoding section 380C is input to the 
amplification section 360C. The operation performed after 
this is similar to that described in the first example. 



The encoded stream obtained in an encoding apparatus 
according to the present invention, although having a 
reduced amount of data, can be decoded into an audio signal 
including data over a wide frequency range. According to 
the present invention, detailed waveforms of spectra 
corresponding to all the frequency bands in a wide range 
are not encoded, but instead, for some of the frequency bands , 
only an average amplitude thereof is encoded. Therefore, 
the obtained encoded stream has a reduced amount of data, 
but is decoded into an audio signal holding the average 
amplitude of each frequency band of the input audio signal. 
Therefore, the decoded audio signal can be reproduced into 
a clear sound which does not give the listener the impression 
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of the sound being confined, unlike a sound obtained from 
a signal of a narrow frequency range. Use of the sub-band 
gain decoding section 380C allows the information to be only 
increased by a smaller amount than in the first example even 
in a frequency band, for which a corresponding frequency 
spectrum stream is not to be quantized or encoded. Thus, 
a sound which is closer to the original audio signal can 
be obtained. 

As described above , an encoding apparatus according 
to the present invention provides an encoded stream which 
can be decoded into a decoded audio signal of a wide frequency 
range with a low bit rate. 

According to the present invention, detailed 
waveforms of spectra corresponding to lower frequency bands 
are encoded using a compression technology such as, for 
example, Huffman encoding. Regarding higher frequency 
bands, detailed waveforms of spectra are not encoded, but 
only information on an average amplitude of each frequency 
spectrum may be encoded. Thus, the amount of information 
of the higher frequency components which is consumed by 
encoding can be minimized. Since the higher frequency 
components can be decoded using a noise spectrum, the 
reproduced sound covers a wide frequency range. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth 
herein, but rather that the claims be broadly construed. 



